The determination of the lipid content of garbage compost by near infrared spectroscopy (NIRS) was investigated, because lipid content is known to be an inhibitor of plant growth and germination. The garbage compost samples, which were produced by electric garbage processors, were obtained from canteens in schools and factories, food service facilities, homes, restaurants, and a hospital. Lipid contents of the samples were spread over wide range (0.28-17.70%), and the main fatty acids in most samples were palmitic, stearic, oleic, and linoleic acids. The reflectance spectra of air-dried and milled compost samples were measured using a scanning monochromator. Second derivative spectra from 700 to 2500 nm and multiple regression analysis were used to develop calibration equations for lipid content. The main wavelength of the best calibration equations was 2310 nm, which was attributed to the absorption bands of the CH2 stretch-bend combination of fatty acids. The standard error of prediction (SEP) of the best calibration was 1.24% . Although the fatty acid composition of the hospital sample was very different from others, it did not cause large errors in the estimates. In conclusion, NIRS is thought to be a practical method for evaluating plant inhibition caused by garbage compost.
Introduction
The annual amount of food waste, such as dead stock, food leftovers, and kitchen refuse, that is generated during the manufacture, distribution, and consumption of food is twenty billion tonnes in Japan, and only less than 10% of it is recycled [1] . In order to promote the reduction of food Production Practices", which was enacted in 1999, encourages the application of compost or organic materials as one of the techniques to secure a good farming environment [ii] . As a result, the production of compost from food waste and the application of this compost became important activities for both the reduction of waste and the promotion of sustainable agriculture. In contrast to industrial food waste, which is discharged in large quantities, household refuse and food waste from restaurants or factory canteens are discharged dispersedly [3] . To dispose of such garbage sanitarily and efficiently, electric garbage processors have been developed and introduced to various places [3, 4] , such as canteens in schools and factories, welfare facilities, restaurants, and hospitals [5] . Since one use advertised for the treated garbage ( `garbage compost' hereafter) produced by such devices is as compost or fertilizer [3] , application of it to farmland is expected to support organic farming.
highlighted the importance of measuring the lipid content of garbage compost intended for agricultural utilization.
The Soxhlet extraction method, which is the standard procedure for analyzing lipid content, has some drawbacks, such as long analysis time, requirement of technical skill, and the use of solvents. Therefore, he devised two simple methods of estimating the lipid content of garbage compost [3] . One involved evaluating the extent of the permeation of lipid into oil-absorbing paper. The other was an evaluation of the turbidity of a mixture of water and an ethanol extract of the garbage compost. However, these methods cannot quantify lipid content. For the production and application of good garbage compost, it is necessary to develop a more precise method of determining lipid content, to ensure that the compost is harmless to crops.
Compost found to have a high lipid content should be fermented again, or be re-composted after being mixed with other materials such as cattle feces and pruning residues [3, 4] .
Near infrared spectroscopy (NIRS) is an analytical method that can be used to determine the constituents of samples easily, rapidly, and nondestructively. Because many fatty acids have absorption bands in the near infrared region, NIRS has been used to determine the fat and oil content of various foods [7] . However, there are a few reports of NIRS being applied to food waste compost.
Masui et al, reported that NIRS could accurately determine the lipid content of the compost of tofu (soybeancurd) refuse in a study of the management of the compost's fermentation [8] . Since NIRS is associated with high costs and large equipment, the near infrared moisture sensor -with a lower cost and smaller size -has been developed, and it is used in household electric garbage processors [9] . If precise lipid analysis of garbage compost by NIRS is developed, it is anticipated that it will be used not only for the evaluation of the compost using an ordinary near infrared spectrophotometer, but also as the lipid sensor in electric garbage processors.
Most of the lipids in many foods are fatty acids, and each food has its own fatty acid profile [10] . Since the composition of food wastes largely depends on the waste source, the fatty acid composition of garbage compost is assumed to vary widely. This variation could affect the accuracy of the lipid determination by NIRS.
In this study, we collected various garbage compost samples and analyzed their fatty acid composition, then investigated the accuracy of the estimation of their lipid content by NIRS. The reflectance spectra of each sample were measured using an NIR spectrophotometer (Model 6500, FOSSNIRSystems, Laurel, MD, USA) with a micro sample cup.
Samples were scanned 32 times from 400 to 2500 nm, and data were collected every 2 nm. Spectra were obtained as log(1/Re) with a ceramic tile used as a reflectance standard.
All procedures of correcting spectra and handling data were conducted using the Vision software package (ver.3.2, FOSS-NIRSystems).
Regression analysis
Data of each sample were divided into a calibration set (n=48) and prediction set (n=40). These sample sets were selected so that the distribution of lipid content was similarly spread and care was taken to ensure that the calibration set did not concentrate around any point in the range.
To suppress constant background signals and to enhance the visual resolution, second derivative spectra of each sample were used for calibration and prediction [12] .
When producing the derivatives, segment size and gap size were set to 10 and 0, respectively.
The calibration equations were developed using multiple linear regressions, using the second-derivative values of absorbance (d21og(1/Re)) and the lipid contents of the calibration set. The data of d21og(1/Re) from 700 nm to 2500 nm, which corresponds to the near infrared region, were used for calibration. Table 1 shows the sources and lipid content of the compost samples. The lipid contents of the samples were widely spread and there was no relationship between lipid con- Table 1 The source and lipid content of garbage compost.
Lipid content is indicated per dry matter. The wavelengths that showed a high negative correlation coefficient (r > 10.8) between d21og(1/Re) and lipid content were 1716, 1760, 2146, 2310, and 2344 nm. To make a robust calibration equation, it is important to select the main wavelengths which have not only high correlations between d21og(1/Re) and the constituents being calibrated for but also absorptions related to the constituents. Therefore, we examined the attributions of the wavelengths mentioned above. Although the other absorption bands, such as that for the CH2 stretch second overtone around 1200 nm and for the third overtone around 928 nm, have been reported
[15], a high correlation between d2log(1/Re) and lipid content was not observed. Table 2 Although the calibration equations based on one wavelength, which is attributed to lipids, was relatively accurate, the addition of more wavelengths led to better results (Table 2 ) . It was assumed that the wavelengths such as Table 2 Results of multiple regression and errors between predicted and actual lipid content of garbage compost as determined by near infrared spectroscopy using second derivative spectra.
R, Multiple correlation coefficient; SEC, standard error of calibration; SEP, bias-corrected standard error of prediction; Bias, mean difference between analyzed value using the standard method and predicted value using near infrared spectroscopy; Recycling Association) set the standard for the lipid content of dry matter at 5% or less [6] . It is expected that NIRS will be used as a method for assessing whether lipid content is below an established standard like this.
However, note that the NIRS method is prone to some error and it will be necessary to consider the error esti- [13] K. Nakamichi, K. Suehara, Y. Nakano, K. Kakugawa, M. [14] T. Sato; New estimation method for fatty acid composition in oil using near infrared spectroscopy. Biosci. Biotechnol. 
